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SPACE SHUTTLE HRSI TILE TESTS 0S36

AND 0S37 IN THE NASA/AMES RESEARCH CENTER

IIxlI-FOOT AND 9x7-FOOT WIND TUNNELS

USING TEST FIXTURES 96-0 AND 81-0

(0S36/37)

by

B. A. Marshall

Rockwell International

Space Transportation & Systems Group

ABSTRACT

An experimental investigation (0S36/37) was conducted in the NASA/Ames

Research Center llxll-Foot and 9x7-Foot Wind Tunnels during April and May

of 1979. Test OS36 was conducted from April 9, 1979 through April 23,

1979. Test OS37 was conducted from April 24, 1979 through May i0, 1979.

The purpose of the tests was to determine the dynamic response and failure

characteristics induced in the Space Shuttle High Temperature Reusable

Surface Insulation (HRSI) tiles due to combined aerodynamic and structural

vibration loadings.

Test 0S36 was conducted at free-stream Mach numbers from 0.76 to 0.88

and dynamic pressures from 292 to 646 psf. During test OS36, two tiles

in the array were lost. Both tiles were partial (triangular, not square)

tiles at the leading edge of the test panel.

Test OS37 was conducted at free-stream Mach numbers from 1.60 to 2.50

and dynamic pressures from 579 to 819 psf. During test 0S37, some minor

damage to the edges of the tiles was incurred, but no tiles were lost.
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INTRODUCTION

Tests OS36 and OS37 were part of an experimental investigation of the

High Temperature Reusable Surface Insulation (HRSI) Thermal Protection

System (TPS) on the Space Shuttle Orbiter. The purpose of these tests

was to determine the dynamic response and failure characteristics induced

in the HRSI tiles due to combined aerodynamic and structural vibration

loadings.

During test OS36, the aerodynamic shock was generated using the 96-0

test fixture in the NASA/ARC ll-foot wind tunnel. The leading edge flap,

located on the 96-0 test fixture, functioned to cause an expansion/recom-

pression shock over the HRSI test article which simulated the upper canopy

flow field. One HRSI test article (panel) was used during OS36.

During test OS37, the aerodynamic shock was generated using the 81-0 test

fixture in the NASA/ARC 9x7-foot wind tunnel. The trailing edge flap,

located on the 81-0 test fixture, functioned to cause a compression shock

over the HRSI test article. One HRSI test article, identical to the test

article used during test 0S36, was used during test 0S37.

Test OS36 was conducted at free-stream Mach numbers from 0.76 to 0.88 and

dynamic pressures from 292 to 646 psf. The 96-0 test fixture leading edge

flap was varied from zero to 26 degrees during test 0S36.

Test OS37 was conducted at free-stream Math numbers from 1.60 to 2.50 and

dynamic pressures from 579 to 819 psf. The trailing edge flap located

on the 81-0 test fixture was varied between zero and 38 degrees during

test OS37.



'_T T 1 T T
L, TRODvCT_ON (Concluded)

Data recorded during tests 0S36 and 0S37 were measured by pressure trans-

ducers, accelerometers and strain gages. A potentiometer was used to

indicate the position of the leading and trailing edge flaps. All

test objectives were met during tests OS36 and OS37.

This report represents information on the conduct of the tests, test

fixtures, test facility, instrumentation particulars and data collected

during the tests. In addition, photographs of the test fixtures and

test articles are included.



NOMENCLATURE

Symbol

Cp

gRMS

HRSI

ID

Kg

L.E.

Mach

OD

P

PL

PT

q

R.gRMS

P_S

Re

RM_,

Mnemonic

CP

CONF

DPBOX

GAIN

in Hg

M,MACH

P

PHI

PT

RHO

RN

RUN

SEQ

Definition

Local pressure coefficient

Test panel configuration code

Differential pressure in the pressure

box on the back side of the panel, psid

Heff Amplifier gain, volts/volt

Root mean square acceleration

High Temperature Reusable Surface

Insulation

Inside Diameter

Inches of Mercury

2
Calibration constant, counts/ft/sec

Leading edge

Freestream Mach number

Outside diameter

Freestream static pressure

Test fixture flap setting, degrees

Local static pressure

f rcestream _ota] pressure, psf or in.

Hg

Freestream dynamic pressure, psf

RMS accelerometer reading

Free_trcam density, slugs/ft 3

Root Mean Square

Freestream Reynolds number, per
foot x 10 -6

Tunnel run number

Tunnel run sequence number

RMS strain, inches



Symbol

TPS

X

Z' Z

Mnemonic

TR

TTF

X

NOMENCLATURE (Concluded)

Definition

Thermal Protection System

Freestream static temperature, °R

Freestream total temperature, OF

Longitudinal distance, positive aft

of panel leading edge, inches

Lateral distance, positive right of

panel centerline, inches

Vertical distance (of measurement location

or shock generator)_positive above the

skin of the holding panel, inches



REMARKS

As a result of wind tunnel test 0S36, two tiles in the array were lost.

Both tiles were partial (triangular, not square) tiles at the leading

edge of the test panel. As a result of wind tunnel test 0S37, some

minor damageto the edges of sometiles was incurred, but no tiles were

lost.



CONFIGURATIONSINVESTIGATED

TEST FIXTURE DESCRIPTIONS

The 96-0 test fixture, originally used for test OS31A, was modified for

test 0S36. The basic components consist of the pressure box, leading

edge flap, side plates and the tile panel. The fixture, depicted in

Figure la, functioned to cause an expansion shock pattern ahead of the

specimen, followed by a recompression shock region with attendant posi-

tive pressure gradients and high turbulence levels over the test specimen.

The pressure box enclosed the area under the HRSI tile panel. Prior to

performing test 0S36, the depth of the pressure box was increased by 5

inches from the original configuration to acco_odate thicker panels.

Also, the box was sealed to withstand pressures up to +8 psid and was

filled with sound absorptive acoustic material to minimize internal

pressure fluctuations.

Two i/4-inch OD and two 1-inch ID steel lines were connected to the box

for controlling the pressure inside the box and for pressurizing and

evacuating. In addition, there were two pneumatically controlled valves,

one on each side of the box. The valves were used to equalize the

pressure inside the box with the tunnel static pressure in the event

of an emergency tunnel shutdown. The box was accessed through a door

located aft of the tile panel.

Rework of the leading edge flap mechanism was required due to modifications

to the pressure box. However, the leading edge flap still functioned

to produce the desired shocks and could be remotely actuated from 0 to

30 degrees. The flap length measured fifteen inches with a leading edge



CONFIGURATIONSINVESTIGATED(Continued)

radius of i/2-inch. The radius from the flap surface to the center

of rotation was fixed at 2-3/4 inches.

The potentiometer, used to indicate the position of the flap, was located

next to the hydraulic cylinder. The side plates were beveled i0 degrees

at the forward and trailing outboard edges. The leading edge had a 1/16

inch blunt edge. The side plates extended to the tunnel floor and were

supported from underneath. Nomodifications were required on the side

plates.

The 81-0 test fixture was employedfor test OS37in the NASA/ARC9x7-foot

wind tunnel. The fixture, shownin Figure ib, functions to create a

reverse flow region near the boundaries of the flap/surface corner. The

fixture also functioned to create boundary layer separation together

with an unsteady shock waveover the specimen. These flow phenomena

give rise to large step-type pressure gradients and high turbulence levels.

The 81-0 test fixture wasmodified to accept the thicker HRSItest articles.

The only other modification was the addition of a shock generator to pro-

duce a reflected shock in the center of the tiled panel.

The fixture wasmountedin the ceiling of the tunnel. The flow conditions

over the test area were produced by deflecting a 12-inch cord flap with a

lO0-inch span located aft of the specimenholding panel. The flap, hinged

on the ceiling, could be rotated from zero to 90 degrees by a remotely

controlled hydraulic actuator.

10



CONFIGURATIONSINVESTIGATED(Concluded)

TEST SPECIMEN

During tests OS36 and 0S37, a dummy panel was used to determine the

tunnel and fixture conditions needed to produce the desired test con-

ditions for the tiled panels. There were twenty-two pressure orifices

located longitudinally on the dummy panel centerline. The dummy panel

and the tiled panels were interchangeable. Sketches of the dummy panel

are shown in Figures 2a and 2b.

Two identical (one for each test) HRSI tiled panels were used as test

articles. The test articles had a 24"x40" array of 3.6" thick HRSI

tiles mounted on a 27.5"x43" stiffened panel section simulating the

design of the wing bottom surface. The tiles were instrumented with

twenty-nine pressures and nine micro-accelerometers. The panels had

nineteen accelerometers attached to them. Sketches of the HRSI tiled

panels are shown in Figures 2c, 2f, 2g and 2h.

ii



INSTRUMENTATION

Data recorded during tests 0S36and 0S37were measuredusing pressure

transducers, accelerometers and strain gages. A potentiometer was used

to indicate the position of the flap on the 96-0 test fixture and the

flap on the 81-0 test fixture.

The dummypanel, used during both tests, was instrumented with twenty-two

(22) pressure orifices as shownin Figure 2b. The 96-0 and 81-0 test

fixtures were instrumented with fourteen (14) pressure orifices as shown

in Figure 2a. Data from these pressure orifices described the environ-

ment which the dummypanel was experiencing. The dummypanel was used

to determine the tunnel and fixture conditions needed to produce the

desired test conditions for the HRSItile panels.

The HRSItile panels were instrumented with twenty-nine pressure orifices

as shownin Figures 2d and 2e. The pressures were used to evaluate the

porosity of the tiles.

Each static pressure wasmeasuredby an individual transducer. Statham

Model PMI31TCdifferential pressure transducers were utilized. One

reference pressure systemwas used for all transducers.

Pressure orifices in the dummypanel and fixture were .1-inch in diameter

and .1-inch in length. The chamberat the diaphragmwas .5 inches in

diameter by .O05-inches. This allowed the pressure fluctuations to be

measured. The pressures in the HRSItiles were measuredas close to

the orifice as possible so that time histories could be obtained.

12



INSTRUMENTATION (Concluded)

There were nine accelerometers embedded in the HRSI tiles as shown in

Figure 2f. Nineteen accelerometers were located on the bottom surface

of the HRSI tiled panels as shown in Figure 2g. The accelerometers were

mounted on or between stringers with the sensitive axis normal to the

substrate surface. The accelerometers embedded in the HRSI tiles had

their sensitive axis normal to the tile surface and used tile material

as a "plug."

The HRSI tile panels had twelve strain gages located as shown in Figure

2h. These strain gages were on the bottom surface of the panels and

were mounted on or between stringers.

13



TEST FACILITY DESCRIPTION

IIxlI-FOOT TUNNEL

The Ames Research Center Unitary Plan ii by ll-Foot Transonic Wind

Tunnel is a closed-circuit, air-medium, variable-density facility capable

of attaining Mach numbers from 0.4 to 1.4 at Reynolds numbers from 1.7 x

10_ft to 9.4 x 106/ft. The test section is 22 feet long, and models are

installed on internal strain-gage balances mounted to sting-type support

systems.

Shadowgraph and Sehlieren photographic equipment is available, and

pressure transducer instrumentation is provided.

Tunnel operating temperature is 580°R. Extended high Reynolds number

runs are restricted by power availability.

9x7-FOOT TUNNEL

The 9x7-Foot Supersonic Wind Tunnel is one of the supersonic legs of the

Ames Unitary facility. It is a closed-circuit, variable-density,

continuous-flow tunnel. The test section is 9 feet wide by 7 feet high

by 18 feet long and the nozzle is of the asyn_etric, sliding-block type,

in which the variation of the test section Mach number is achieved by

translating, in the streamwise direction, the fixed contour block that

forms the floor of the nozzle. The temperature is controlled by after-

cooling. Dry air for use in the circuit is supplied from four 30,000

cubic-foot spherical tanks. The tunnel drive motors and compressor also

serve the 8 by 7-foot tunnel. The motors have a combined output of

180,000 horsepower for continuous operations or 216,000 horsepower for

one hour of operation.

14



TESTPROCEDURE

During test OS36, the dummypanel was tested first to determine the

optimumconditions for testing the HRSItiled panel. Tunnel conditions

and the model leading edge flap angle were coordinated to produce the

desired expansion/recompressionshocks.

The first phase of test OS36consisted of determining the optimumflap

position for a stable and unstable shock. This was doneby real time

visualization of the pressure distribution on the dummypanel, the pres-

sure distribution was then recorded at Machnumbersfrom .7 to .88 by

.02 steps.

The dummypanel was then replaced with the HRSI(thick) tiled panel.

The pressure distribution was then recorded at Machnumbersfrom .7 to

.88 by .02 steps. Next, the optimumMachnumberand flap position was

maintained for two hundred secondsfor both a stable and unstable shock.

During test OS37, the dummypanel was also used to determine the optimum

position for the reflected shockgenerator on the 81-0 test fixture.

TheMachnumberwasvaried from 1.6 to 2.5 by steps of .05 with the shock

generator in its optimumposition.

Next, the reflected shock generator was removedfrom the tunnel and the

optimumshock position for the compressionshock generator was found.

TheMachnumbervariation was then run at this optimumflap position.

Next, the dummypanel was replaced with the HRSI(thick) tiled panel

and the Machnumberseries was run with a thirty second pause at each

15



TESTPROCEDURE(Concluded)

Machnumber. At the optimumMachnumberand compression shock generator

position the HRSItiled panel was exposed for two hundred seconds.

After the reflected shock generator had been installed in the tunnel,

the shock series was run with a thirty second pause. Then, at the

optimumMachnumberand shock position, data were recorded for two

hundred seconds.

A summaryof the test conditions and the runs completed during tests

OS36and 0S37 is shownin Tables I and II, respectively.

16



DATA REDUCTION

Standard tunnel equations were used during tests OS36 and OS37 to

compute all tunnel conditions. Local static pressure data were

reduced to standard coefficient form using the following equation:

Cp =

(PL-P) x 144

Accelerometer and strain gage data were calculated using the following

equation:

gRMS or Sp_Is =
RgRM S

Kg

Accelerometer, strain gage, and static pressure data collected during

tests OS36 and OS37 are presented in the Appendix.

17



REFERENCES

1. R.B. Kingsland, STS-79-0030, "Pretest Information for Tests

OS-36 and OS-41 (Model 96-0) and 0S-37 (Model 81-0) in the

Ames Research Center Unitary Plan Wind Tunnels'_ (February 1979).

18



TABLE I

TEST " 0S-36 1
TEST CONDITIONS

DATE : 4- Z3 "77

MACHNOI_ER

.7&

.76

.78

.80

.SZ

.8_

.SG

.87

.88

To'l'a,| PresSure.

(eo,_,,as/s_..:+.)

1057

Iq73

D y_o,,_;¢ Pfessuf£
(po,,_,/s_._÷.)

2q2

5"(77

6/q
6BO

658

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

NA

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:



TABLE I (Continued)

T--_ : 0S-37

TEST CONDITIONS

IDATE : 5"-10-7_

MACH

BALANCE U _lL ZE_,.

NF

SF

AF

P_4

YM

NA

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:

20



TABLEI (Concluded)

TEST : 0S-37 j DATE'. b-'-/O-7_';

TEST CONDITIONS

J ,,L ,,,

To4"o.t Pressure. Dy_¢_=¢ P,.essure

MACHNOMBER {po_.d$/._£. /_/-.} (pounois/5£../'k.}

2. HO Z2.5"" (:,22.
Z,HS"
2. 5"0

, , ,,,

i

BALANCE UTILIZED: N A

NF

SF

AF

PM

RM

YM

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

COMMENTS:
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Figure lb. Model 81-0 Test Fixture General

Arrangement for Test 0S37
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TOP VIEw

PANEL IN M_ FIXT_IR_S

O0 0000 0000 0

i 2 3 _ 56 7 8 9 lO 11

63

12

• !

0 @

NO X y

z 2.o5 16
2 _.o5 16

3 6.o5 z6

8.o5 z6
5 zo.o5 z6

6 Le.05 z6
7 I_.o5 z6

8 z6.o5 z6

9 z8.o5 ].6
lO 2o.o5 ].6
ii 2_.o5 16
12 36.05 16

13 _.05 -16
_._ Le.o5 -_6

Figure 2. INSTRUMENTATION LOCATIONS

a. Peripheral Pressure Locations
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ToPVIEW PANEL

NO. X Y

15 1.55 -o.625

16 2 ._5 -o .625

17 3.35 -o.625
18 _.25 -0.625

19 5.55 -0.625
20 6.58 -o.625

21 7.61 -o.625

22 8 .(:_ .O .625
23 9.67 -0.625
2_ i0.70 -0.625

25 11.73 -0.625
26 :]2.76 -0.625
27 l_ .09 .O .625
28 15.16 -0.625

29 16.23 .O.625
30 17.3o -0.625
31 19.17 -o .625

32 21.17 -0.625
33 23.17 -0.625

34 25.17 .O.625

35 29.17 -0.625
36 37-17 .O. 625

b. Dummy 9anel

Figure

35

Pressure Locations

2 (Continued)



TOP ViEW HRSI PANELS

/ • i

SEE FIGURES 2_ AND 2a for detail locations.

C° HRSI Tile Pressure Locatior_s -

General Arrangement

Figure 2 (Continued)
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TOP VIEW NRSl TILE

See Figure 2 c

1

INo x Y z

I 9.16 6.Ol 0.08
2 9.16 5.76 1.o
3 9.26 5.51 2.38

9.16 5.26 2.88
5 n.h6 6.o1 0.08
6 ll.h6 5.76 1.o
7 L_._6 5.51 2.38

8 Ll._6 p.26 2.88

9 13.76 6.01 0.08

10 13.76 5.76 1.0

Ii 13.76 5.51 2.38
12 13.76 5.26 2.88

Z' - Distance Above Panel Skin Surface

d. ERSI Tile Pressure Locations -

Tap Group 1

Figure 2 (Continued)
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TOP _ HRSI TILE

13 O 21

See Figure 2 c

20 _
O 25 O 29

17

NO
w

13

15
16

i7
18
19
2O

X Y Z'

9.19 -_.89 1.75
11.32 -2.76 1.75
11.32 -7.02 1.75

13._5 -O.6_ 1.75

13._5 -9.15 1.75
15.58 -2.76 1.75
15.58 -7.02 1.75
17.70 -_.89 1.75

NO X Y Z '

21 i0.76 -M .89 1

22 11.86 -3.30 1
23 _.86 -6 ._ ].
2_ 13._5 -i.71 z
25 13._5 -h.89 z
26 13 .M5 -8 .O7 1

27 15.o_ -3-3o 1
28 15.o_ -6.h8 1
29 16.1_ ._,.89 1

Z' Distance Above Panel Skin Surface

e. HRSI Tile Pressure Locatibns-

Tap Croup 2

Fi_]ure 2 (Continued)
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TOP VIEW HRSI PANESS

NO X Y

I 6._ -o.6
2 12.1 -0.6

3 13.o 1._
18.7 1.4

5 2o.i -2.9
6 22.2 3.5
7 23.7 -0.7
8 29._ -0.7
9 3o.3 _.l

Accelerometers are inside the ERSI Tiles

f_ RRSI _l].e Ac_elerometer Locations

Figure 2 (Continued)"
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TOP VIEW m_I PANE_

o

• 18

NO X Y

lO

12

13

15
16

17
18

19
2o

21

22

25
26

28

5.-° -0.7 On Stringer #I, O.T Inches left

7.38 -5.5 Between Stringers #i and #2, 5 5 inches left

7.38 5.5 Between Stringers #I and #2, 5.5 inches right

ll.5 i._ Between Stringers #2 and #3, i._ inches right

13.5 -1.2 On Stringer #3, 1.2 inches left

15.5 -5.5 Between Stringers #3 and _, 5.5 inches !eft

15.5 5.5 Between Stringers #3 and #4, 5.5 inches right

19.6 -2.8 Between Stringers #4 and #5, 7.8 inches left

19.6 1.5 Between Stringers #4 and #5, 1.5 inches right

21.5 -5.5 On Stringer #5, 5.5 inches left

21.5 3-5 On Stringer #5, 3.5 inches right

21.5 5.5 On Stringer #5, 5.5 inches right

23.6 -1.6 Between Stringers #5 an& #6, 1.6 inches left

27.7 -5.5 Between Stringers #6 and #7, 5.5 inches left

27.T 5-5 Between Stringers #6 and #7, 5-5 inches right

29.75 -0.7 On Stringer #7, O.7 inches left

29.75 4.0 On Stringer #7, _ inches right

35.9 -5.5 Between Stringers _8 and #9, 5.5 unches left

35.9 5.5 Between Stringers #8 and #9, 5.5 inches right

Accelerometers are attached on the bottom surface

on the pemel.

g° KRSI Panel Accelerometer Locations

Figure 2 (Continued)
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TOP_ ERSI PANELS

\

I

NO X Y

i 7.38* 6

2 9.h6 6*

3 z3.5 o. 5*
21.5* 0

5 21.5 0.5*

6 15.5* 6

7 15.5 6.5*

8 15.5 io*
9 21.5 _*

i0 33.8 O. 5*

II 33.8 6.0"

12 35.9" 6.o

Between Stringers #i an_ #2, 6 Inches Right

On Stringer #2, 6 Inches Right

On Stringer #3, 0.5 Inches Right

On Longitudinal Stringer, Over Stringer #5

On Stringer #5, 0.5 Inches Right

Between Stringers #3 and_, 6 Inches Right

Between Stringers #3 and #_, 6.5 Inches Right

Between Stringers #3 and #_, 10 Inches Right

On Stringer #5, _ Inches Right

On Stringer #8, 0.5 Inches Right

On Stringer #8, 6 Inches Right

Between Stringers #8 and #9, 6 Inches Right

*Active Axis of Gage

Strain G_ges are &ttached on the bottom surface of the l_nel.

h. HBSI Pan_ _I StraSB GageLocations

Figure 2 (Concluded)
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b. Post  Test Photograph of t h e  HRSI Panel  I n s t a l l e d  
f n  the  96-0 T e s t  F i x t u r e  i n  t h e  NASA/ARC 11x11-foot 
Wind Tunnel (Test OS36) 

F igure  3 (Continued) 
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c. Post T e s t  Photograph of the HRSI Panel used 
during Test OS36 

Figure 3 (Continued) 
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DATA FIGURES

Tabulations of plotted data may be obtained from DMS on request.
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_" OOO0

oooo

U

• X

4m_

U1
D-
4[
I--

Ld
(_)
q:C
LI.
n-
::3
Ol

._1
b.I
Z

n

m
e_e

_J

CJ

0 o

I

rcj -,

oN °--
¢Y

I1)

m 0

. . - . , . . .

Ill I i I i , f I I I I , l I I I . i I J I I I I I 1 11 I i'i i _J I I I J I i

I

O.

.:2"
0 :"

1
\

J

/
/

X

6d

d3 . tuOlOlt_Oo3 eJnssoJd leOO_



1.:.

oooo

U

_o_

IJl i'lll pii_ I

I
""7

.-- p_

tn

<
i-

w

<

u)
w

-I
W

: Z

O..

m

0

h
t_
6")
0 o

r-g_.
I

I

t"

<

ID

U-)_-

0

<
w_

/

(

f

_l| ,,mR ,,Jl,l,, i,,, i,,, iiz

dO ,

f

"-_)

till I I I ' 1,, J |111 i i i i, i ,,

_ _ C_

tU_lOlJJaoo aJnssaJ d

\
\

\

J
/

J

\

/
J

_J _-

I" : I' I

leO07

X

bJ

o
('U

W
0
<
Q.

C

m

"O

e_

c_

n- O)
-._ m

< ..J ...

e 0

c W W

-_ ..,.,_ ._

_z

'- trl
0 _

W

ffl
w
n,-
11

c4
i,



I .

O,_oo

• ° • °

U

(/1

I-

U.I
C.)

h

_1
LIJ
Z

O.

III

..I

0

o

I

I

¢Y

!111 I|11 I|11 ii,, |111 |111 |111 ¢1,1

p-

/

/
j

II IIII II|l ,l|_ _|11 II

\
\

I"

,11| I|11 I|1| ,111 |1|

,, ,,I II II sl,I ,,,|11111 lt|l ,, 1,11,, ,,1° ,,,| I,,, ,,

It) ..I- I_) I'U --- 0 --,

• |*

\

\
\

/
/

/

.-_..

tl ,,i.i ||,,_,,,1

to) ..1-

I I I

(0
o
ILl

d O , lUOlOlJjOoo oJnSgoJ d leOO7

l.d

Q.

n

I--

0

_z 0

-- Z
0

c_ _ nn

-- II:

0 ,--,

Ld
OC

-Lr)
(#l
i,I

O.

,.4



01
n

i-

I.d
(..)

b.
n-

01
w

J
hi
Z

O.

J

0 o

,_-
!

cO

_N
n_

oooc)

• • ° °

m

U

*°o°_

I

!

,,°, ,l** ml,

0

J

\

J

\

\
\

\

d

f

ill

\

/

/

ill| **,. _111 iiii ,*.. *,** ,J,

I

,.., :,l** **l, ll,, i***

1"3 ..4"

I* I" I

d O ' _UOlOlJJ*oo eJnsssJ_ le:o_

r'-

(1.1

l.d

Q.

_, x

OR*

bJ

._

n- CO
-** m

¢..)

c ILl b.I

a 7

o "- m

0 _

..1 ¢-_

O.

6



oooo

...°

0,.

I--,

hl
(.3

n"
3

.J
I,,I
Z

0,.

m

-J

O

I

o

O N
n-

(I1_-

I11

m 0

lllll ill i i i i i i i i i i i . i i I .llrl l i l i i i _ i i i i i _ i i i i iii I i i i i i i i i i _ i i i i

J
f

f_

\

..o"'

f_

J

I

**** ,It iii| J** ,i** .Jl **J ,ill i,i !ll,J ,Jl *,, iiii: i,* ,ii

Lr] _- IV) ('U _ CO --. ILl
• " I" I

JJiJ 1,* -O

c_ n

(3

CE IS)-" CO

,e_ ..j .....,

o (...)
61

G Ld t.iJ
es "I" I.-

_n Q

aN
-- Z
9 0
C _

j e'_

W
G_

-It') _1

W

O.

6
I,

I

d3 ' tUal_l_;Oo 0 oJn£GoJ_ le:o_



) o,, =,Y.._

" F

A

(jr)

0

l.m.
CZ:

U)

._1
i,m
Z

n

m

,..J
,,=(:
(.)

[,,,,.

u')
(1:) o

_-
!

I

r-

(7)>-

_o
'_g>.
w_

_ n

ii! loll m_ll "W_ g|Ul

\
\

\

J

(

(

It') -_ to)

d3 '

,. ", .

I
I

Z
J

/

/

•p_x

w

.mm--
Q

_ ,.-I,

. .. " .," •

0

(0.

O.

/ _ -_.
_r I _._ _

r-,"

c U')
O

-J

I..LJ
¢..r,,,

(Jr)
o")
t,l,J
a'Ir"
I"I

t.a")

6
mill Ill lllmu *ll'ml'*ll''''-ltm*l''''m-s'*=nll''m*lm*|'as'#**._

CU -,'-, 0 ,,-, _ I_

I I I

le:)o7lUO I :) I .I.(,0o3 a Jn $$a.,mcl



. - .

.°..

W

U

E

L m
o_

X

Q.

I--

W
0

h
IIC
:)

.J
bJ
Z

O.

m

.J

i_-

t_

o

_,_-
!

LD "

(iN

1

. - - -. - .

i i i i i i i i f ill l J i J iil i i i i i i i -i i i i j i i i i J i i i J i J i i_ Ill I I I I III I. I I'1" i i i i

\
%

\
\

\

I

\

I

a

J_

J
J

/
d

/

/

o
N

l.d
(.5

0.

,|J, ,ll *|_ -O

nJ

i !

bJ

m

e_

o G.

_.o_
C3 '-_

Ld
n- b')

-.. m

m O

¢ bJ Ld
m T _--

m _3

r-,g
-- Z

.ff_ (/1

n

6

d o • tuolol;]_o 0 aJnss*Jd leOO_



oooo

.°.o

{11

N

0_0_

X

_og

tN

m--

W

I
ffJ

oN

w_)- !

QI

<:>0

ilwl

p

7

I

iI,.

L_

...... _ . .

I I I I I I ! I I I I I I I i I,I I I I I ! I I I i I I I I I I I I i _1

J
J

f

7
J

I

. _ . ,.._ - . . • %-- . ,,. -,_,. , . . ._

;_i-ii i|11 |1|1 i|11
N

OJ

I

J

I

JI,L, II* i Ill Ill .ill* Jill I Jlm

\
\

/
/

/
/

.Lr)

O --" (%J

I" I I"

W
(9
.,It
n

X

.i

hi _.

II

Q CI.

_Z.

CE (/1•._ m

J ..,

-,_ p. ,_.

0

-- Z

_ m

.J ¢-_

11:

ffl

Q.

do tUalOlj;/o3 IJnSSeJ_ leOO_

" ; : . ,



in

u
N

0_

(.n
Q.

i-,.

w

.,it

f,..

_.1
w
z

I1.

m

._1

r'-

u3
0

I

I

U N
r_

i.U >-
nJ

J

i

I
f

--\

i
i

,., ,t. ,., i.|l I,, ,,i

ffl _1" P¢l

d_ ,

J
i

f

J

f

/-

\
\

.3̧

/
f

/

W
O

___ X _

W

C

I I I

I/'I

<5



ollll llll;ll[I Iill Will IIII DIWl IIII III1" llll IIII I1_ Ilia Will Ilil "_111

OOO0 _

,,, \
- \ ._x

/ wx _

3d

tel

W

b.

-J
L_
Z '

O_

m

_J
_t
(.)

0 m

r._.

!

cu

.o/

/

%,-,

"0

_"i i J ||lJ l|J| li,, ,li| ,II| m,1, ill tl J,

I_ o o 6") o 1.0 o IE)

....,/ _
C

I
I

• I" I" I" I I

11,1

W
0
_at
I%.

"_ £0

.J --.
',=I:

• cw W
I_ e "r I'-• "_ I-- "_

_ 0

0

-- Z
a 0

C:) _ 111

_J ¢'_

W

IS)

W

6
•C:) L_

dO , lUal:)l.t, jaoo eanssaacl leOO"l



0000

. \

° i

, .//
.

O.

W
¢.)

W

O.

w

-J
W
Z

O.

GI

.J

M
ffl

r._ o.

!

m N

oN

=tm 0

i/

f
/

/

J
f

v_.._

•1( .,j .,..

o

c I.nJ ntn
t.rl o "_ J"

m 0

aN
_ Z

C _

c _

W

_J

O.

6

...... I° I° l" I" I

d3 * tuelolitoo_) IJnssi_cl 18oo"1



X

P_

U'l

W

h

.-I
bJ
Z

OL

OD

-J

0 m

I

I

¢Y

I'U

w_

/

/
/

/

/
bJ

(lJ

bJ
(.5

I1.

Jd

d3 ' tUOlOlJ_Oo 3 aJnssoJc:J leoO"l



00o_

• ° • °

m

N

O.

I-

W
0

tA.

w

.J
W
Z

O_

m

J

o

i

!

0 N

m

J
J

_D

Ill

/

J

e_

f

J

\

C_

/ '.'

W

O.

J =

"_ ill

,- =ul _
ff'l _ "_ I--

m e-_

t,, _.Jl ,,l, ._l .l, ,l| .l|. ll.J ltl| I.|l ,,Jl,|, |11 ll_ |sD_ _(_

I I I" i
I

Z
0

G

-4 Q

b_

W
n-
O.

LO

d 9 ' tuelol.IJ_o3 oJnssoJd leOO"l



I I I I I I I I I I I I I I I I I I I I I I I I i i i i

• ° • .

X

- .

Q.

if)
w

_1
LII
Z

IX

_1

r_

r'-

o m

_5 J

I

I

r:

nJ

w_

J

(

-.. .

f

°

\
\

/

/
X

f

" I
i i ! I I | I i i i I i i , I | | i|,,11, ,llI, iIi iiiliI, i ilill|iIII, ili IIlilili||,ll* iiliiiii .C)

o _ c:) I.r) c_ I1") c3 Lt3 0 LCI c:) L13 C3 L[') C:_ U3 c3
(D LO In _1" -1" I_ r,o (1.1 A I ,,-. --, o c_ --. -., (tJ

• * I" i" I* I

oJnssoJ_ leOO_do , :t.o 101 JJ;)03

. ." - .

I".
lie

t'U

bJ
(._

IL

X

0

I.a.J

I1.
C=

r_
r'n

•_ I.-- "_
m

C;)

-- Z

o rn

-- C[:
o_, I.-
" Ul

_1 C2

12:
:::)
U')
U)

n,"
Q..

U"I

,_4
u.



O-

W

ffl

J
W
Z

I11

-J

!

tD o
r_ _

r_

n,-

_ O

fU

I11

®

\

J

D

f

|*** i,i, ,11

W ¸

do * tUelOl;Jao:3 eJnssaJcl leOOl

t_;* ,ilk Jl| J** Ill i*l|.*,,l.*,J,.l*,l ,_1, *1,_-|_1 h

(3 tr) O LrJ C3 LL'J C_ Lr') C3 L[') _ I.r) C3
r,r) Iv ) t",.I ('U --. ,--' (3 (3 .--. --, ('u

-'" I" I" I" I



n

I--

In

v

J

Z

m

_1

r"-

o

I

I

fu

U
N

°°°.°O--

X

F.

)

/

/
I..,

4

\

\
\

\
)

/
/

/

ki||. ,,,! i,|, ,,,* ,i,, ,,,, ,,,, ,,,| z|i :2J| J,i i,. ,,, i|, ._,.i 1,¢, - T

o _ o LO 0

I I I I

&

#

Ld

O.

Q Q.

.co=.,.,

_ -1"
"__J ....,

o (.)

S z
-- Z

0

-- I--

-- n,-

O'J

J 0

bJ
n-

-I_ o_
o_
t_
n-
O.

h

d o , tU_l=lt_o3 eJnsSeJd le:o7



U3
(I.

I--

W

la.
#l-

cn

.J
td
Z

CL.

m

_J

U

0

!

I

r:
oN

.<

" e(

dO , lUelOl;;_oO 8Jnss_J d leOO_



i J u u

_ •.
Q. 0d_o

X

_%_

i=-

n,n

n,
n-

w

_J
bJ
Z

Q.

C_

J

l_

O_
0

!

I

r.

\
\

L

L
L

/

=

I,a,,i

dO ' tUOlOl;JOoo o_nsso_d leOOq



U
m

ooooo

O.

W
0
_t

w

m
W
Z

O.

m
m_

.J

tN

o gl

I

wf,_

/
¢

\

J

f

f

)

I

/
f

/
f

Q

/ '.'g,

, , | , , a, | _ J .m _ , _ I _ _ | | |l J , | a i i | iI | , _ , | | i | ,i m , m m o , , iJ "0

LrJ O U') 0 I/_ 0 0 Lr) CO Lr) CO Lr) 0

• " I I I

¢Id
CU
¢U

W
CO

n

d O , tuololjjeo3 8JnggaJd leOOq

"_'_
n,- U')

"_ CO

"(: .-I ,,,,,

¢,)

¢ W hl
am "I- I,-,

m £::)

_ 0

.J ¢-_

W
n,-

,Lrl _

O.

,_4
b.



|



• • . -. . .

_i, i_ii_,_ _-_!___ _-_..-_ .....•....-, .._
. - . : . • . . , ,_-.



• _o dO , lua|_lj)O0 0 ejn$$eJd I e_O_



. ....

oooo
_W_O

°o,o

U

E

X

Z_

(Jr)

I-.

W
0

l.k
n.-

_J
W
Z

O.

m

.mJ

03

0

!

_¢'1 m

oil:-
¢Y

fjD_-

m

m o

X

#

i|11 illllllll i1_i

\1
\

\
\

"Ft

)-..

j_

c_

/

J=(3

LO o Lr_ 0 Lr_ 0

0 0 0 0 0

d O ,

ill ,,,i ,|ID i1,, ,,i, ,.J.

ID o ffl

o o o

I I I

_,Uel:lJjeo::) aJnSS;)J_ le=Ol

c:)
('1.1 t'IJ
c_ c_

I I

X

LIJ

(D
(IJ
(IJ

W

,._

n.. u)

"< _.i ....,

(..)

-- Z
0

-- I--

-- n,-

_" 03

..J

W
n_

-t£1 _

O.



\
\

\

\

o L_

\

_ ft',k

u'l

,,,, ,,, ,,,° ill, o,,a

o Lr)
--- o

_c3
Lr)
0

e_

I
_r) o LO C_ U3
PO _ Od nJ ---

d 0 ' lu;)lOl;;;)oo _JnsS_Jcl leOO'l

.¢

f.)

bJ ILl'.
-r I--

•_ I-- <C

_z O

-- Z
0

_J e-_

W

if)



Ul
(1.
.<
I-.

W
o
,<
It.
O:
::)
U1

.-I
W
Z
,<
n

m

._1

(,.)

r W.

o o

I
m
¢0 -
I_l_ ¢u

I1:

\

..... - .:. .- ...... "-"
; .-..,

_.. •" - .: " : " ." 7:

.. - ... . . ,.

Ill

X

o-

W

W

_,.



U')
I1.

W

-1
hi
Z

Ol

,...I

0

U')
0 o

I

I

(

I

o _ ,.=,

_ _1 _

m rt

_z

¢_I--
= ¢jr)

..I r-t

r_

U3 03

laJ
n_
(I.

dO , tUelOl_=o 0 _nss_ d leOO_



_s_ ,,

U
m

L g=

\

f

\

_X

O.

I--

W
t.)

bin.
n,"

-J
W
Z
.<

m
m_

_J

t_
0 o

_"_I_ -
i

!
ffl

I1:

o>-

\

?
a,

D

J,i, m,J ii||Ll,, i|,m ll_| |lm ill, |m,* ,,,J, ,,,, ,I, ,, i ,,,m ,l|,

Q _ C_
_ r¢) fU _

,, 0,,, ill, ,, Ill, 'O

,,_ N O

d_ , tuoloi]_oo_ oJnssoJd le_O_

o O.
C

_z 0

-- Z
_ Q

Ill

c U)
O _

-1 ¢'_

W
n,-

t_
w
n.-

G
h



$

_ 0 d3 ' tu_lolJJ,_o 0 _Jnss_Jd leOO7



!%....
• \
- \

U
N

n

i-

W
o
_t
b6
n,-

J
W
Z

m

.J

(..)

t_

9
I

m

_ i i ii

I.U >. 0 g'l

g

\
\

\

\
\

"\
\

|,,, L,iiIll0a Ima_ ,,iJ,l|,lL,,,J aa0

o o Ill

\
-%

!.

,,11 JL,, al, ,,,, |tunisia

\

cf

1 t

o

"- |

o

Lr_

o

.c_

X

$.

Q

W

_d

•_ m

m 0

c W W

aN
-- 7

"" IIl

W
n_

O=
O.

6
L_

_o. leOO_



n

I i+ll

Z

o O.

llll Ill ilf I I III I II I II I l I I I [ I I I I I I I I I I l ' ' ' I I I I I I I I l I I I I t I I I ._

I_ cu t"X..l --. -- Q c_+

do , lUelOljJeo 0 @J,nsgoJ d leOO_



-. - : --

.°°.
_

In

U.
m

.... •MmrJ_

(/I
Q.
<t

W

b.
rr-

U')
w

._1
bJ
Z.
.,_
n

rn

._1

o

r'-
Iv)
@)
o o

r..g e.
_-
I -

I

• . . . .. . .

, i J , J , i.| , , m , , J , , , J , , , i ,

o if) o ff'_ o ff'i
I._ _1" -1" ft') t ¢) nJ

. do ¸ ,

* | | , , ,

o _
fu ---,

• °

• . .- - . ..

..1"

_J

W

<t
-0.

X

W

_ _ _ _ p , , m , , i t , * m L .0

o I_ c:) Lr_ o
•-. C_ O --"

! I

Z

=* 0.

c_

<._m _

e

¢ W W

I-- <C
m r_

T.zO
-- Z

0

QI
=_ _

W

W
I1:
Q.

U.

t UelOl_l]eoo eJnssaJd leOO'l





:"" " " - o Oo r_ iI! viii

U

I mOOm

I--

_J
w
Z

O.

II1

_1

I
N

I

Iil i iiIi i iIl fill; I Iii ii1 i i i i i ii i iiii ii'ii

X,

ii 1011i

_,,, i,, ,,im ,l|i DII, ,,,, ,i,

I_ c_ uO o

\

)

k

n.i o.i

I

IIi, i,I:

lUOlOliJaoo

. . x .

leOOl

IV)
(1J

'|| .C_

Lf)
C3

I

i.d

O.

ei,.

.-_ m

o (.b

0

-- Z
'_ O
C

-- I--

--

c
0

-I CI

L,J
n.-

U'_ U1
U'I
b.!
n_
Q.

tl'l

L_.



O_

X

I
ffl

tO_

•

I_ I1 I vIII 1111 loll I III mill 11111 II I Ill'! Ill'l,

\

\
\

\
\

J-)

d

I

L

I
113 CO I._ CO - U') (::) 113 co
I'_ I_ C'_ . [')J --- --, 0

°-

' lUOlOll:.lOO 0 oJnsSOJd leOO-I

LD
C)

0.l
(,0

O.

-_ x

hi

-_d
_<_
o G.
C

<C
tD ¢,_ -
¢J

c U')

..1 ¢'_

-LO U3
U)
bJ

£).

l_

_2



W

m.

J
W
Z

m

J

(.)

)

"t

)

I

I

..'5"4_ ..j ._.

o
0

W W

.L_-_ es "3" t,,-.

r-,"
-- 7

g_
-1 ¢'_

hi

•ff'l _
m

el

U.

Q

I
O3



• ° ° •

(Jr)
O.
,4(
I'-

ILl
(..)

C_
Z)
(.n

--I
b.J
Z

0..

(X)
e,...e

..J

(._

t_

@)

.I

I

Ill

0)>- •

*\
\

\

L

\

e(

w

Q.

a in | I I I I i | I , It I t I I I J , a , I I I i J o I , m m , , t s m a o ! t t n 1.1,* i I t e m , , J a * tl o I J I | ._

113 0 LL') - 0 _ o 113 c_
I_ I_ Ckl cu -- -- o o

' . • | .. .

d:3 , iUOl0lttOo:3 OJllggoJc:l le:)0"l

0

0

LIJ " " "

",d

o n

i'_ ffl
•"_ 12)

• "-_ I-- '_

0

-- Z
_ 0

o _ rn

gm
.j ¢-_

hi

•tfl ffl
ffl

O.

U'I

,.4



_ "3 ' tual=lJJa°3 eJnssaJd le_O7

oooo

oooo

O.

I--

1.zJ
0

rr"
:::)
U1
w •

_J
W
Z

O.

m

J

r.)

t'-

t_

!
ffl o

,<

I0

i i i ( i I [ I I l I l l l I I'1 I : I I I _ I I I I I I'1 I f I-I "1 J i I I J I ] _ I I _ I I I I I I J

- Ld

n

\

°

|

)

_X

Ld

e_

e_ n



w#p

\
\

\
\

\

\

L_ 0 LL_ 0
('U C_ t'- I.r)
I_ r_ ¢u _u

_J c:) £'- L_ (_J Q f'- LO ('U
('U L'I.I .... 0 0 0

do ' lu_lolJJao::)oJnss_Jd IOOO-I

0 Li_ C_
(_j Lr]
CD (:_

I I

; ° . .



_0000

_ _& • .g_ .- .

U)
O.

I--

W
U

- ..i
i,I
Z

OB

J

0

I

i,¢) _ m

oit! _1

m

• _ 0
.,_

° . . ... i . i . m .

d3 ,

/
P

\

)

I

}uololJJOo3 eJnsseJd leOOl

I

i i i

X

"ID

hi

0

U')

C_

.3d
Z

ru Lr_

I !

- L "

n

tin. _ .'1"

o
0

_" t.JJ t.d
es _ j-..

m

az 0

-- Z

.j ¢-_

W

m

ul



+

m _

If)

. +. - • -

" +.._. + +

i i i l m i i i l'U i l i i l i i-i i l

\

i

t

\

, i._ , i , , + , , i i . i a i i i i o m n I I i , | , a , i • i i i i + + I + , I i , i i I I , i i i

" I" I "i I"

Z

e

0._

<_ _

I'-' ',,mC

T--,z0

.z
m

O) l,m

O

_,1 ,--s

W
n,"

13)

w
_-_

dO • lUOl+lj;OO_ ojnsso_d le+O_



wmue |m_! ||eu JlJl w|m| l,i, _|| .|u|u

OO0
OJ'O

W

gei l ||uolmgJm |ulu..

(

Jlmw llmw iwlm
o

IU

W

o ... .



_'__'>_!i__ _̧i_:!::!_i__i_i:i!!_*i__!?:_i__i!_ii:ii'_iii_!ii--__!ii_i

i i,i'Ll i •i :'!ii
• I I III I I I I I I I i i III I I I I I III I I I I'I I I I I I I I I I I_ I I I I I I I ! I Ill ! i i'l i I I I I I I I I I _I I I_ I

I i

°_go° / ""• • . •

O_ N.____
" IiI .

U

...Qo

O.

w

tl_
¢Y
:3

w

J
hi
Z

G. -

{D

/

U

r _

u_
O

01

I

__N

Ill

wU'_

t
/

!

o

C) 0 (3 0 0 0 (_

• • • • |"

.. . ..

.- d . " lUal=IJlao:_ aJn$ssJ d leOO-I

x

C

i'_ U'_
.,_ m

-I"

0

_z(3
m Z
_I (3

m I--

c U1
0

_I {3

LIJ
I:E

'L_ IS)

!,1
r_
{L

Q.

• ' _ /./



":_ .1.:-: :1-_. -11: . :...::.. _ .1._:

Ill! If! II|I |II Ill

.°°.

U

_'-
m_
N

iX1
0..

t,-

w
(,.)

hi.

:::)
(,n

,..I
W
Z

O.

C]O
e,,,,,*

J

0

_,_--
!

uil:-

t.,,. >

iiii fill illl _iiii lli_ iiii llll ill! fill 111 I I I I I I I lle i i i _ lli! iii Iii i',

/ I

/
/

tO

W

/ °n

_f

~

I """

,._.,,,,

-, . ,.

-.'-.-_. -....

T..:"

_o.

n- U')
m

o 0

_- w W
m -!" _-

m C_

f21

_ f_ ..

W

_ _ •

O.

6

- .!



U
N

X

J Jl ill Jl II II Jl l I JII ill I Ill I tu ! III I Ill" lili III lill u II lu III ill J ill

\

\

\

it,i, Jl,I ,,ll ,,i liJl ,i, DIL, 1111 Illl _ll,! ,,,, ,_,

o t_ c_ Lr) c_ ill
..I" PO PO nj OJ --.

do ' _Ual:)t;.lao,_ oJn_;s;_Jr.I

o

t_

CU

W

G.

_-_X

0

W

m

e; a..

,,I, ,iJ

C

o

o

n.- o')
•._ m

o

c bJ L_
_-v _-

0

-- Z
0

-- I-

ra

-- rr-

._i r_

n-

tn
ul
Ld
n-
n

!1").



z_

II I1_ I II I iiii I ii i i I ii i ii ii

\

\
\

/
¢

\

hi

.(
dFi

X

"o
hi

C

II

m .(

"'_i_ _ • "_ ,

_ i_!, '

• ° /.

. .-. -. _. _Q" ....

Jr41 (_

o _

CO
line

..I

(J

t,_
IV)
(/1
c_

N

I
(3)

IV)_

Lrl

"* U)

I

(3
L_

e(
_._ :_m

-%
t= U1

_ -.... --I C2

e_

• I

c_
(1J CU

_J

*,ll "l,., J**

(3
M

LIJ

............I....I....I....I........
U_ (3 U') (3

U)
U1
hi
(z:
{1.

ILl

LI.

d3 , tUOlOli;eo3 o_nss_d llOO]



APPENDIX

TABULATED SOURCE DATA

Dataset

Identifier Description Pages

R3LA01-32

R3LA48-66

R3LBOI-32

R3LE48-66

R3LF48-66

R3LG48-66

R3LH48-66

R3LI48-66

R3MA03-59

R3MA60-99

R3MB03-59

R3ME60-99

R3MF60-99

R3MG60-99

R3MH60-99

R3MI60-99

0S36 Calibration Panel (Fixture)

0S36 HRSI Panel (Fixture)

0S36 Calibration Panel (Surface)

0S36 HRSI Panel (Bot. Surf.Accel.)

0S36 HRSI Panel (Internal Accel.)

0S36 HRSI Panel (Strain)

0S36 HRSI Panel (Group i Taps)

OS36 HRSI Panel (Group 2 Taps)

0S37 Calibration Panel (Fixture)

0S37 HRSI Panel (Fixture)

0S37 Calibration Panel (Surface)

0S37 HRSI Panel (Bot. Surf.Accel.)

0S37 HRSI Panel (Internal Accel.)

0S37 HRSl Panel (Strain)

0S37 HRSI Panel (Group i Taps)

0S37 HRSI Panel (Group 2 Taps)

I- 32

33- 51

52- 83

84-102

103-121

122-140

141-159

160-178

179-234

235-273

274-329

330-368

369-407

408-446

447-485

486-524

****in tabulation indicates bad data.
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